Background: Women with breast cancer frequently undergo menopause following adjuvant chemotherapy. Here, we investigated whether they have more severe symptoms than women undergoing natural menopause.
introduction
Premenopausal women who receive adjuvant chemotherapy for early breast cancer may undergo premature menopause. Chemotherapy has been reported to cause early menopause in about 40% of 40-year-old and close to 100% of 50-year-old women [1] . The implications are wide ranging and include loss of fertility and accelerated bone loss. It was also our clinical impression that women with chemotherapy-induced menopause experience more frequent and severe symptoms, such as hot flashes, than women undergoing natural menopause. If this is true, it will be important not only to advise young women about to receive chemotherapy of the probability of early menopause but also that their symptoms may be more severe than those associated with a later natural menopause.
We had conducted previously a longitudinal study of menopausal symptoms, fatigue and cognitive dysfunction in women undergoing adjuvant chemotherapy for early breast cancer compared with healthy aged-matched controls [2, 3] . Many of the women with breast cancer experienced chemotherapy-induced menopause during this study, and their menopausal symptoms were documented and quantified [2, 3] ; however, in that study we were unable to compare the effects of chemotherapy-induced and natural menopause as the majority of age-matched controls remained premenopausal. The study also included women who had undergone natural menopause before receiving chemotherapy. We therefore designed a companion study in which an additional cohort of healthy women undergoing natural menopause was recruited to allow comparison with women who had undergone menopause as a result of chemotherapy. This enabled comparison of the severity of menopausal symptoms and also allowed insight into the degree to which menopause is associated with fatigue, which is experienced by many women undergoing adjuvant chemotherapy.
patients and methods

study population
The group of women with chemotherapy-induced menopause was drawn from our previously reported study [2, 3] : they were included if their last menstrual period was <6 months before their first assessment (undertaken toward the end of their chemotherapy) and >6 months before their 1 year (6 3 months) follow-up assessment (i.e. the primary time point for assessment of menopausal symptoms in the present study). Patients who had recurrent breast cancer at one of their follow-up visits were excluded.
The control population was of healthy women who had undergone recent menopause as defined by cessation of menses at least 6 months and not more than 2 years before enrolment. The initial assessment was scheduled within 2 months of recruitment. They were aged £60 years and were fluent in English. Exclusion criteria included a history of psychiatric disease, drug or alcohol abuse, hysterectomy and/or oophorectomy, major chronic illness, previous cancer and use of medication that might lead to cognitive problems. Controls who were receiving hormone replacement therapy (HRT) were included, as were patients who were receiving treatment for hot flashes.
Eligible controls from our previous study were included. In addition, controls were recruited from the database of the Ontario Breast Screening Program (OBSP). We were provided with contact details of women aged 50-60 years, living in or close to Toronto, who had indicated a willingness to be contacted for breast-related studies. A cover letter, study information sheet and consent form were mailed to these women and followed with a telephone call.
The protocol for this study was approved by the review boards of the participating institutions, and all participants gave written informed consent.
assessments
At each assessment, patients and controls were asked to complete a questionnaire about demographic and medical information in addition to menstrual history. They also completed a series of Functional Assessment of Cancer Therapy (FACT) self-assessment questionnaires for menopausal symptoms (FACT-ES) [4] , fatigue (FACT-F) [5] and general quality of life (FACT-G) [6] . The FACT-ES is an 18-item subscale evaluating commonly reported menopausal symptoms, including vasomotor symptoms, vaginal symptoms and sexual dysfunction (see Table 3 for items addressed). It was validated in 268 women receiving endocrine therapy for breast cancer [4] .
Patients were assessed toward the end of their chemotherapy (assessment 0) and at 1-and 2-year follow-up intervals (assessments 1 and 2). Controls were assessed on two occasions 1 year apart (assessments 1 and 2). Comparisons were made (i) between the patients at their 1-year follow-up assessment (generally about 9-12 months after the end of their chemotherapy) and the first assessment of controls (assessment 1), and (ii) the assessment of patients and controls 1 year (63 months) later (assessment 2). Data describing menopausal symptoms during or shortly after chemotherapy for patients are also presented (assessment 0); these data are presented as they were collected in our previously reported study and provide a baseline for the patients. As it was not possible to identify a cohort of control women in the very narrow time frame of peri-/early menopause, no comparison data are presented for this assessment.
statistical analysis
The primary end point of the study was the summed FACT-ES score, and the primary comparison was between the distribution of total FACT-ES scores of patients and controls at assessment 1. We also evaluated differences between patients and controls for the distribution of total FACT-F and FACT-G scores. Because data were not normally distributed, the Wilcoxon rank sum test was used to compare the scores of the two groups. Differences in the primary end point were regarded as significant for a two-sided P value of £0.05. In view of the multiple comparisons, evidence for differences between groups for other end points has been regarded as significant for two-sided P value of £0.01. Individual menopausal symptoms and components of fatigue, defined by the FACT-ES and FACT-F, respectively, are presented using descriptive statistics.
The following factors were entered into stepwise regression analyses for their influence on FACT-ES scores for patients: receipt of adjuvant hormonal therapy (or not) after chemotherapy, treatment of hot flashes, time since last period and FACT-F score. The following factors were entered into stepwise regression analyses for their influence on FACT-ES scores for controls: receipt of HRT, use of selective serotonin reuptake inhibitors (SSRI), time since last period and FACT-F score. Exploratory analyses were carried out for the influence of the selected variables on the FACT-F and FACT-G scores.
The paired Wilcoxon rank test was applied to compare the change of the scores evaluated at the two time points.
We had estimated that 50 patients from our previous study with chemotherapy-induced menopause would be eligible for the current study. For our control group, we aimed originally to recruit 100 women to give a case-control ratio of 1:2, but we subsequently revised this to include a minimum of 50 control women in view of difficulties in identifying and recruiting them.
results patients and controls
Of 104 women with breast cancer assessed in our previous study, 66 were premenopausal at baseline [2] . Of initially premenopausal women with breast cancer, chemotherapyinduced menopause occurred in 31% of those aged <40 years, 53% of those aged 40-50 years, and 85% of those >50 years. In total, 41 of these women were postmenopausal at the time of assessment 1 (i.e. 9-12 months after the end of their chemotherapy) and were included in the current analysis. Thirty-five of these women underwent assessment 2.
A total of 57 controls were recruited and assessed. Of these, 2 were eligible controls from our previous study and 55 were recruited from the OBSP database. To recruit these controls, a total of 2913 women from the OBSP database were screened. The most frequent reason for ineligibility was that cessation of periods had occurred outside the range of 6 months to 2 years. Of the 57 participating controls, 50 agreed to be reassessed 1 year later.
As expected, patients and controls differed in age, with patients being significantly younger than controls (Table 1) . Patients and controls were well matched for time from last period until the time of their first comparison of symptoms. The current use of drugs, which might impact on menopausal symptoms, including adjuvant hormonal therapy for breast cancer, HRT and other treatments of hot flashes, is also indicated in Table 1 . Use of these agents did not change significantly between assessments.
menopausal symptoms
There was an effect of borderline statistical significance for patients to experience worse menopausal symptoms than controls at their first (P = 0.05) and second (P = 0.04) comparisons, and a substantially higher proportion of patients original article Annals of Oncology experienced moderate or severe hot flashes (Table 2) . Differences in individual symptoms explored by the FACT-ES scale are shown in Table 3 . In addition to hot flashes, patients tended to have more vaginal discharge and to have lost interest in sex as compared with controls.
fatigue and quality of life
Despite improving from the assessment carried out near the end of chemotherapy, there was a trend for women with breast cancer to report more fatigue than controls at assessment 1 (Table 4) . This difference had resolved by the time of assessment 2.
Overall quality of life was not significantly different for patients and controls at the time of either comparison (Table 4) .
multivariate analysis and time trends
For both patients and controls, an association was found between menopausal symptoms (FACT-ES score) and fatigue 
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(FACT-F score, P = 0.05 and 0.006, respectively). Poorer overall quality of life was associated with fatigue for both patients and controls (P <0.0001 and P = 0.03, respectively). No other associations were seen. Differences in scores of the FACT-ES, FACT-G and FACT-F between the two time points were not significantly different for either patients or controls.
discussion
Chemotherapy-induced menopause is a clinically important problem for young women with early breast cancer, leading to distressing symptoms such as hot flashes, loss of fertility and increased risk of bone loss [7] . Five published surveys of menopausal symptoms in women with breast cancer have shown their importance to patients [8] [9] [10] [11] [12] . Three of these studies included both pre-and postmenopausal women, and all of them included data from breast cancer survivors who had not received adjuvant chemotherapy: thus, they probably underestimated the frequency and severity of symptoms in those where menopause is induced by chemotherapy. Two studies have compared menopausal symptoms in women with breast cancer with a healthy control group [11, 12] , but the groups in these studies were not matched for either age or menopausal status.
In the present study, patients who had undergone a chemotherapy-induced menopause were well matched by time since last menstrual period with control women recruited largely from a breast-screening program. The results support our hypothesis that women undergoing chemotherapy-induced menopause experience more frequent and severe symptoms than women undergoing natural menopause. There was an effect of borderline significance for the patient population to experience worse symptoms (as determined by the median FACT-ES score) when compared with a group of healthy women, but there was a substantial difference in patients who experienced moderate-severe hot flashes; these results indicate that symptoms vary among women with chemotherapyinduced menopause (hence small differences in median scores) but that a substantial minority experience worse symptoms. This might occur because the process of menopause, which occurs naturally over several years, is compressed into weeks or months.
A striking finding of our previous study was the profound fatigue reported by women during and after chemotherapy that was dramatically worse than in age-matched controls [2, 3] . In our current study, there was a strong trend toward more fatigue in patients than in controls, despite the comparison being made when the patients had long since completed chemotherapy. We may have underestimated fatigue and overestimated quality of life, particularly in patients, as there is adaptation leading to a response shift for evaluating symptoms and quality of life with questionnaires so that the frame of comparison becomes different for patients and controls [13] . An association between fatigue and menopausal symptoms was observed in both patient and control groups in the present study: our analysis indicates that while menopause contributes to fatigue (perhaps by nocturnal vasomotor symptoms disrupting sleep [14] ), it is not the only causative factor.
Several factors may contribute to menopausal symptoms experienced by breast cancer survivors. These include the relative contraindication of HRT, lack of safe and effective alternatives to HRT, and the use of adjuvant hormonal therapy as part of the systemic management of early breast cancer. Since the publication of data questioning the safety of HRT, its routine use by the general population has declined [15] , and few controls were receiving HRT in the current study. Approximately half the patients in our study were receiving adjuvant hormonal therapy for breast cancer, and others have reported that such treatments increase the incidence of menopausal symptoms, especially in women who are already postmenopausal [16, 17] . Rather surprisingly, our multivariate analysis failed to identify an association between adjuvant hormonal therapy and severity of menopausal symptoms; this may be due to limited power of the study and/or to chemotherapy having the dominant effect to reduce levels of estrogen and induce menopausal symptoms in younger women [2, 3] .
The risk of chemotherapy-induced menopause is age related, at least for patients who receive mainly combination chemotherapy with cyclophosphamide, methotrexate and fluorouracil [1] . We carried out an unplanned analysis of our current data to see if the same trend applies to more modern chemotherapy regimens and also observed increasing risk for menopause with increasing age of the patient.
Studies of this kind face methodological challenges. It is not possible to match controls for both age and menopausal status. It was not possible to recruit a control group of menopausal breast cancer patients who had not received either chemotherapy or hormonal therapy because most women with breast cancer receive adjuvant treatment. Nonhormonal drugs, such as SSRI (e.g. venlafaxine) and gabapentin, are used for treatment of hot flashes [18] ; including patients who were Recruitment of healthy women who had recently gone through menopause proved to be challenging with almost 3000 women screened to achieve our sample size of 57. The study did not achieve its original planned sample size but a recruitment strategy that targeted women seeking management of menopausal symptoms would result in a biased cohort of more symptomatic women. The study is underpowered to detect small differences between groups and caution should be exercised in the generalization of its results. Our study did succeed in recruiting a control population, which is very well matched to the patient group in terms of median duration since last menstrual period, allowing comparisons to be made between the two groups. Perhaps the ideal study design for comparing premature and natural menopause would be to follow two cohorts of women, one group approaching natural menopause and another at risk of chemotherapy-induced menopause. This would require a large initial sample size and multiple assessments over a number of years and was beyond the scope of our current study.
Despite the aforementioned problems, the present comparison of normal and chemotherapy-induced menopause has provided important information and is the first to specifically make this comparison. An informed decision about adjuvant chemotherapy for breast cancer should include knowledge of the risk of premature menopause and the frequency and severity of the associated symptoms. Identification of menopausal symptoms will allow appropriate interventions to be made. Extrapolation of experience from natural menopause to patients with chemotherapy-induced menopause is inappropriate given the different severity of symptoms and the available treatment options. Given the recent decrease in mortality from breast cancer and the increasing number of survivors, long-term side-effects of adjuvant chemotherapy are increasingly important.
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